URINARY TRYPSIN INHIBITOR ASSAY 
CONTAINING A CHELATING AGENT 

Background of the Invention * 

5 

It has long been known that urinary trypsin in- 
hibitor (UTI) is present in human urine, and that its 
concentration in urine increases due to kidney dis- 
eases . 

10 

Piette et al report in The Rumppan Jnurnal q£ 

Mfidininfi Vol. 1, 5 September 1992, that urinary tryp- 
sin inhibitory activity can be a useful marker, par- 
ticularly in patients with fever of unknown origin 
15 and/or elevated erythrocyte sedimentation rate. Kuwa- 

jima et al report in CH ininal Ri onh^mi a try , Vol. 23, 

April 1990, Pp. 167-171 that the automated assay of 
urinary trypsin inhibitor may be useful for the clini- 
cal diagnosis of acute phase response. 

20 

Accordingly, urinalysis for UTI is an important 
diagnostic tool. Such analytical techniques typically 
involve contacting the urine sample with a trypsin 
substrate attached to a chromophore at either arginine 

25 or lysine since these are the amino acids which are 
cleaved by trypsin. The concentration of urinary 
trypsin inhibitors in the urine sample is inversely 
proportional to the intensity of the colored response 
of the chromophore since urinary trypsin inhibitors 

3 0 inhibit trypsin activity according to their concentra- 
tion in the fluid test sample. In Japanese Public 
Patent Disclosure Bulletin No. 10-70997, published on 
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March 17, 1998, there is described a method for meas- 
uring the degree of inhibition of trypsin activity in 
urine by mixing a urine sample, an enzyme sample con- 
taining trypsin and a buffer together with calcium in 
5 the amount of 0.15 jxmol or more per fig of trypsin in 
the reaction fluid to a maximum of 100 /imol calcium 
per: mL of urine sample. In addition, surfactants are 
used to assist in dissolving the trypsin substrate in 
its organic solvent. This technique is apparently de- 
10 signed to mask the interference caused by calcium pre- 
■4} sent in urine samples by adding a large excess of cal- 

*pf cium to the assay reagents. 

I^ 1 This assay technique involves a liquid phase test 

|l| 15 for trypsin inhibitors in urine using excess calcium 

rt _ to cover up calcium interference and surfactants to 

I™! 

j?« dissolve the trypsin substrate. This technique is not 

suitable for a dry phase assay because the amount of 
buffer needed in such an assay to overcome the buffer 
20 in urine would precipitate in urine. 

Summary of the Invention 

The present invention is an assay for trypsin in- 
25 hibitors in urine which involves contacting a urine 
test sample with a buffered assay medium comprising 
trypsin, a substrate for trypsin which will produce a 
detectable response when cleaved by trypsin and a 
polycarboxylic chelating agent in sufficient quantity 
3 0 to inhibit interference with the assay from calcium 
present in the urine test sample, and correlating the 
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concentration of the trypsin inhibitor with the de- 
tectable response from the cleaving of the substrate. 

Also included within the scope of the present in- 
5 vention is a dry assay device having trypsin, buffer, 
a trypsin substrate and a chelating agent in an absor- 
bant carrier for detecting the presence and concentra- 
tion of trypsin inhibitor in urine test samples. 

10 Description of the Invention 

Urinary trypsin inhibitor is a glycoprotein which 
inhibits the enzyme reactivity of trypsin, ot- 
chymotrypsin, hyaluronidase and creatine phosphoki- 
15 nase. Trypsin inhibitor activity has previously been 
suggested as a possible screening test for the diagno- 
sis of bacterial infection. When bacterial infections 
occur, white blood cells are mobilized and the elas- 
tase activity of the white blood cells is activated. 

2 0 During the acute phase response, interleukin-1 induces 

the production of inter-a- trypsin inhibitor which is 
decomposed by the elastase activity into low molecular 
weight trypsin inhibitors. These trypsin inhibitors 
appear to act on the inflamed sites, showing anti- 
25 inflammatory and anti-shock activities, prior to being 
excreted in the urine. Quantitative changes in tryp- 
sin inhibitor have been shown to be useful as an index 
of infection or inflammation. Trypsin inhibitor has 
also been shown to be elevated under other circum- 

3 0 stances such as malignant tumors, kidney disease, myo- 

cardial infarction and post surgery. It can be pres- 
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ent in minute quantities in the urine of healthy indi- 
viduals. 

Serum C- reactive protein, sialic acid and eryth- 
5 rocyte sedimentation rate have been utilized as mark- 
ers of infection and inflammation. However, all of 
these markers are serum based which necessitates a 
blood draw and time for coagulation, centrif ugation 
and separation of the blood sample prior to analysis. 

10 The urinary trypsin inhibitor assay offers an easy, 
quick and inexpensive means of assessing infection 
without the necessity of a blood sample. Urine sam- 
ples can be collected easily and require no pretreat- 
ment prior to analysis. Used as a prediagnostic test, 

15 trypsin inhibitor assays have an especially high level 
of utility in the pediatric field where urine samples 
are particularly easier to obtain than blood samples. 
Furthermore, it has been demonstrated that trypsin in- 
hibitor correlates well to changes in C-reactive pro- 

20 tein and erythrocyte sedimentation rate. 

The assay of the present invention is based on 
the discovery that the interference with the urine 
trypsin assay caused by the presence of calcium ion in 

25 urine can be factored out of the assay by the use of 
certain chelating agents. This was unexpected because 
the chelating agents were not used to extract and re- 
move calcium but only to complex the salt . It was to 
be expected that trypsin would still interact with the 

3 0 complexed salt in a detrimental fashion. 

The assay can be carried out in the liquid phase 
by dissolving the assay reagents in an aqueous or po- 
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lar aprotic solvent; for example; water, ethanol, 
methanol, isopropanol, acetonitrile , dimethylsulf ox- 
ide, acetone, dimethylf ormamide or methyl ethyl ke- 
tone. At a minimum, the solution will contain trypsin 
5 at a concentration of from 10 to 750 IU/mL (preferably 
100 to 500 IU/mL) , a trypsin substrate typically in a 
concentration of from 0.2 to 5.0 mM with a concentra- 
tion of 0.5 to 2.0 mM being preferred, a chelating 
agent at a concentration of from 0.2 to 50 mM (pref- 
10 erably 10 to 25 mM) and a buffer such as phosphate to 
maintain the solution 1 s pH at a level of from 6.0 to 
Si 9.0 with a pH of 7.0 to 8.0 being preferred. 

5S 

fXl One aspect of the present invention is directed 

Jja' 15 to an analytical test strip for the detection of tryp- 

i; sin inhibitor in the urine sample. The strip com- 

prises an absorbant carrier through which the urine 
!jj test sample can flow which is impregnated with the 

P reagent system. The absorbant carrier used for the 

j*f 20 test strip is preferably a filter paper. Other mate- 

rials useful as the absorbant carrier include felt, 
porous ceramic strips and woven or matted glass fi- 
bers. Also suitable are wood, cloth and sponge mate- 
rial. In preparation, the strip is typically impreg- 

2 5 nated with an aqueous solution of buffer, chelating 

agent, trypsin, and optionally a surfactant followed 
by drying. The strip is then impregnated with a sol- 
vent solution of the trypsin substrate and dried. 

3 0 Preferred chelating agents are those aminocarbox- 

ylic acids possessing at least one complex forming 
groups of the formula -N(CH 2 C0 2 H) 2 including iminodi- 
acetic acid; nitrilotriacetic acid; diethylenetriamine 
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pentaacetic acid; triethylenetriamino hexa-acetic 
acid; 2 , 3 -propylenediamine tetra-acetic acid and 1,2- 
diaminocyclohexane tetra-acetic acid . 

5 Suitable trypsin substrates for use in the pres- 

ent invention are those compounds which contain lysine 
or arginine linkages which are cleavable by trypsin to 
form a colored species which can be detected either 
visually or by spectrophotometric means. Such sub- 

10 strates include benzyol -L-arginine p-nitro anilide. 
Other trypsin substrates which are suitable for use in 
the present invention include but are not limited to 
arginine or lysine amide derivatives of 7-amino-4- 
methylcoumarin, 2 -aminonaphthalene , 4 -methoxy-2 -amino- 

1 5 naphthalene , 3 - carboxy- 4 - hydroxy- anal ine , 2 - chloro - 4 - 
nitro-analine , 3 -aminoindole , 2 -aminoacridone , 2- 
aminobenzothiazole , 2-aminopyrimidine, Rhodam-ine 110 
and 6-aminoguinoline . Various esters and amides have 
also been used as substrates for the detection of pro- 

2 0 teases such as trypsin. A new class of substrates 

which includes Noc, N G -blocked-nitro-L-arginine esters of 

aromatic alcohols such as 3 - (Na-Tosyl-N G -nitro arginy- 
loxy) -5-phenylpyrrole as disclosed in co-pending ap- 
plication Serial No. (identified as MSE #2609 and 
25 filed on even date with this application) are also 
suitable. This trypsin substrate is particularly 
suitable in the dry reagent format because of its ni- 
tro protecting group which prevents reaction between 
the trypsin and substrate before the strip is wetted 

3 0 with the urine test sample. 
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The method of practicing the present invention is 
further illustrated by the following examples: 

Example I 

Initial testing of a modified liquid assay for 
urinary trypsin inhibitors was carried out using the 
following assay system: 

10 The assay procedure was carried out on a Cobas- 

Fara spectrophotometer (Roche Diagnostics) . A 10 /iL 
aliquot of urine as test sample was added to 12 0 /xL of 
an aqueous buffer solution comprised of a 50 mM sodium 
dihydrogen phosphate either with or without 0.47 g/L 

15 of EGTA. The maximum practical amount of calcium in 
urine was determined to be 8 0 mg/dL based on published 
data and double the amount of EGTA (0.47 g/L) needed 
to complex this amount of calcium was added to the as- 
say system. Secondly, 100 jxL of a 32 mg/L trypsin en- 

20 zyme aqueous solution was added and the combined solu- 
tions were mixed for 2 minutes at 25°C. Finally, 100 
mL of a substrate solution comprised of 0.70 g/L of 
benzyol-L-arginine p-nitro anilide (BAPNA) in DMSO was 
added. The resultant mixture was centrifuged and read 

25 at 15 second intervals for 8 minutes at 405 nm. 

Three urine samples void of inhibitor were each 
used to prepare 5 specimens with 50, 150, 250 and 350 
of urine trypsin inhibitor (UTI) activity per liter 
30 (IU/L) by adding urinastatin (a glycoprotein with a 
molecular weight of 67,000 g/mol and an isoelectric 
point of 2.4 sold under the trade name Miraclid) . The 
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urine samples were tested using this assay system in 
which changes in substrate color were detected on the 
Roche Cobas-Fara Clinical Analyzer. This validation 
study was carried out for the purpose of demonstrating 
5 reduced variation in the assay when EGTA was included. 
The results are set out in the following Tables A and 
B. 



10 Table A 

Results for Liquid Assay System Without EGTA 
Observed for 3 Replicates 

15 
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110 . 


01 


224 . 


77 
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42 



3 0 Urine 1 = SG of 1.006 and calcium chloride - 25 mg/dL 

Urine 2 = SG of 1.018 and calcium chloride - 11 mg/dL 
Urine 3 = SG of 1.032 and calcium chloride - 16 mg/dL 
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Tablfi B 

Results for Liquid Assay System With EGTA 

5 

Observed for 3 Replicates 
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From Tables A and B, it can be determined that 
25 there was great variability in results between the 
various urine samples when EGTA was not in the assay- 
solution. The standard error for Table A is 19.02 
IU/L whereas the standard error for Table B (EGTA in- 
cluded) is 10.53 IU/L. Thus, EGTA reduces variation 
30 between urine samples having increasing amounts of 
calcium. The three urine test samples had varying 
amounts of calcium; the higher the calcium level, the 
further the observed result was from the expected re- 
sult. This agreed with other standard solutions that 
3 5 showed calcium to be inhibitor of trypsin. Analysis 
of other urinary components such as other salts, spe- 
cific gravity and pH did not demonstrate correlation 
between the expected and observed results. The test- 
ing of a number of combinations of potential urine 
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trypsin activators and inhibitors was carried out with 
the result that calcium was determined to increase 
their activity while chloride, sodium and magnesium 
were found to have little effect. It was further de- 
5 termined that the calcium either had to be overwhelmed 
or complexed to remove it from the assay system. 
Since the long term goal is to produce a dry phase 
test for urinary trypsin inhibitors, and the calcium 
would precipitate most buffers, it was decided to try 
10 to remove the calcium by complexing. 

Buffers are needed since the trypsin enzyme is pH 
dependent and a constant pH of from about 7.0 to 8.0 
is desirable to obtain a fixed activity. Phosphate 
15 and carboxyl groups are common as the charged ioni- 
zable groups of buffering agents and calcium salts of 
these groups are not very water soluble (calcium phos- 
phate is relatively insoluble) , so they tend to pre- 
cipitate from solution. 



20 



25 



Example II 

A modified liquid phase assay was used in this 
experiment. The liquid assay used: 



i. 0.1 mL of 10% surfactant (as shown in Table 
C) 

ii. 3 mL buffer 

iii. 0.5 mL H 2 0 (with and without added NaCl) 
3 0 iv. 0.9 mL of MMBD diazonium (12 5 mg/2 5 mL) 

v. 0.2 mL of enzyme (10 mg trypsin/100 mL) 
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vi . 0.3 mL substrate 3 - (Na-tosyl-N G -nitro-L- 
arginyloxy) -5-phenylpyrrole (20 mg/50 mL 
acetone) 

5 Analyses for trypsin inhibitor in 3 urine speci- 

mens were carried out as in the previous examples with 
the absorbance results being set out in Table C. The 
3 urine specimens tested were: 

Specimen 1 = normal urine lacking trypsin inhibi- 
tor, 

Specimen 2 = same normal urine containing 250 
IU/L trypsin inhibitor, and 

Specimen 3 = same normal urine containing 250 
IU/L trypsin inhibitor plus urea, calcium, magne- 
sium, sodium and potassium at 10 fold the physio- 
logical limit. 



10 



15 



20 
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UTI Liquid Assay Results With Surfactants 



Surfactant 



Negative* 
Specimen 1 



10 None 117 
Aerosol OT (Gelled) 40 

Tween- 8 0 1 

Triton X-100 15 

Surfynol 107 

15 Ninate 411 13 

Benzalkonium CI 143 

S t andopo 1 ESL 23 

Bio-Terge AS-40 22 

Sodium Cholate 12 8 

2 0 Zonyl 100 48 

Tetronic 1307 109 

SDS 15 

Span 60 115 

25 Igepal CA-210 -271 



Pluronic L64 71 

Chremophor EL 11 

Silwet L7600 32 

Surfactant 10G 45 

Brij 35 13 

Rhodasurf ON- 870 1 

Geropon T-77 5 



30 



35 



Positive 
Specimen 2 



541 
253 
201 
177 
627 

19 
269 
214 

81 
492 
408 
652 
6 

199 

281 

501 
166 
358 
451 
206 
141 
22 



Positive 
Specimen 3 
with salts 



Class 



438 l 
324 Cloudy 2 
102 3 

81 3 

469 1 

78 4 

7 5 

245 2 

211 2 

421 1 

225 3 

336 3 

20 4 

439 2 
Precipitate 

114 3 
V Cloudy 

294 3 

77 3 

188 3 

258 3 

88 3 

56 3 

32 4 



Calculation of absorbance result is 1000* ( (Peak @ 2 min - 
@ 2 min) - (Peak @ 0 min - 700 nm @ 0 min)) * (No surfactant) 



7 00 nm 



From Table C it can be determined that good reac- 
4 0 tivity and mixture level discrimination were possible 
with aqueous solutions of trypsin inhibitor but that 
the presence of any surfactant in the assay causes 
significant variations. Not only is the negative 
specimen affected, but the differences between the two 
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positive specimens is magnified and is dependent on 
the nature of the surfactant . 

Example III 

Twenty-two different surfactants were tested as 
described in Example II and Table C. This testing 
showed that the following 5 classes of surfactant ex- 
isted : 

i. Those which had no effect on blank or reac- 
tivity; 

ii . Those which increased both blank and reac- 
15 tivity; 

iii. Those which decreased both blank and reac- 
tivity; 

2 0 iv. Those which increased reactivity with added 

salt ; and 

v. Those which decrease reactivity with added 
salt. 

25 

Strips were made with one surfactant from each class 
by preparing first and second solutions according to 
the following procedure: Filter paper (204 C grade 
from Alstrom Inc.) was saturated with the first dip 
30 solution and dried for 15 minutes at 90 °C. The resul- 
tant reagent was saturated with the second dip solu- 
tion and dried for 10 minutes at 90°C to form the com- 
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pleted reagent strip. Adhesive (Y9494 from 3M Inc.) 
was applied to the reagent strip and it was affixed to 
a polystyrene handle in the form of pads which were 
0.86 cm x 0.8 6 cm square. 

5 

A. Components for first dip. . 

a. 50 mL water 

b. Phosphate Monobasic Buffer (5.00 g) 

c. Surfactant (Ninate 411, Aerosol OT, 
10 Tween 80, BioTergr AS-40 or none) 

d. 5.1 mM (0.119 g) Ethylene glycol bis 

(P-aminoethyl ether) N, N,N ! ,N ! -tetra- 
acetic acid (EGTA) 

e. 1.75% Plasdone (0.877 g) (PVP K3 0 from 
15 Sigma-Aldrich) 

f . 340 U/mL Trypsin Enzyme 

g. 175 mM MgS0 4 (2.16 g) 

h. 2.70 mM (43.7 mg) 2-Methoxy-4- 
morpholino-benzene diazonium chloride , 

20 zinc chloride (MMBD) (diazonium cou- 

pling agent) 

i. Adjust to pH 7.80 ± 0.02 with IN NaOH. 



25 



B. Components for second dip. 

a. 19.3 mg or 0.75 mM 3 - (Not- tosyl -N G -nitro- 
L-arginyloxy) -5-phenylpyrrole 

b. 50 mL of Acetone 

3 0 The data were collected by dipping the strips into the 
urine formulations set out in Table D and then placing 
them in a CLINITEK™ 50 spectrometer from Bayer Diag- 
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nostics to collect data at 15 and 60 seconds after 
dipping and to calculate a decode figure by using the 
equation decode = { [ (B15 + G15) - (B60 + G60)]/(B15 + 
G15) } * 1000 . 

5 

Where : 

B15 is the reflectance of the blue wavelength at 
15 seconds, 

10 B60 is the reflectance of the blue wavelength at 

6 0 seconds, 

G15 is the reflectance of the green wavelength at 
15 seconds, and 

15 

G60 is the reflectance of the green wavelength at 
60 seconds. 

The decode value is directly proportional to the UTI 
20 concentration. A result of >180 is assigned 0 IU/mL 
whereas a result of <120 is assigned a value of 250 
IU/mL . 

The results of this experiment are presented in Table 
25 D. 
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Table D 

Lack of Surfactant in Strip Assay for UTI 

5 

Decode Result 

Negative Positive Positive 

Surfactant Specimen 1 Specimen 2 Specimen 3 

10 None 193 107 95 

Ninate 411 179 92 87 

Aerosol OT 182 109 82 

Tween 80 185 97 81 

Bioterge AS-40 197 85 94 



Specimen 1 = urine 

Specimen 2 = urine with 250 IU/L of trypsin inhibitor 

Specimen 3 = urine with 250 IU/L of trypsin inhibitor with salts 



Table D shows that the presence or absence of surfac- 
tant in the dry reagent has no effect or benefit for 
reducing interference since a large response to tryp- 
sin inhibitor was found without surfactant . 



The results, as presented in Table D, were not as 
expected since a strong surfactant effect was noted in 
the absence of EGTA as reported in Table C. The urine 
pH was adjusted to 7.5-8.0, the optimum strip pH to 

30 remove any effect of buffering. All assays which in- 
cluded a surfactant showed no improvement over water. 
This study led to the conclusion that the formula with 
EGTA is less prone to the effects of surfactant than 
that without. Due to the assay variability caused by 

3 5 surfactants, they may be omitted from the assay formu- 
lation. However, in those formulations in which dif- 
ficulty is encountered in getting the substrate into 
solution, a non- ionic polyoxyalkyl surfactant for ex- 
ample, one containing ethyl eneglycol units may be 

40 used. This class of surfactant includes Aerosol OT, 
Ninate 411 and Bioterge A-40. These surfactants were 
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found not to have an adverse effect on the reproduci- 
bility of the assay. 

Example IV 

Further strip development used no surfactant and 
concentrated on improving the buffer capacity of the 
strip. A series of strip formulations was made with 
increasing levels of buffer. It was determined that 
enough phosphate buffer (>1 M) to overcome the urine 
pH effect could not be dissolved in the dip solution . 
Only a few organic buffers can be dissolved in water 
to such an extent that they overcome the urine buffer- 
ing capacity; Tris [Tris (hydroxymethyl) amino methane] 
is one of them. In this example Tris was used at a 
level of 1.5 M to provide a pH of 7.8. The formula- 
tion and procedure for preparing the strips was the 
same as that used in Example III except that the 
buffer was 1.3 M tris (7.87 g in 50 mL of water) and 
there was no surfactant added to the formulation. 

The purpose of the study described in this Exam- 
ple IV was to demonstrate the correlation of a strip 
assay to the immunological liquid assay reference 
method which is described by T. Noad in Osaka-stii 
Igakkai Zasshi Vol. 44, No. 2 June 1992; 485-500. The 
911 clinical urines were assessed using the immuno- 
logical reference method developed as shown in Example 
II using a Hitachi 7070 Autoanalyzer and an antibody 
kit from Eiken Japan. Analytical parameters are as 
follows : 
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1) Method: 2 point end 

2) Measuring Times: 1— time, 3 55.35 sec; 2— 
time, 590.94 sec; 

3) Wavelength: 660 nm 

4) Sample Dilution: 100 times with pH 7.4 
buffer (standard) /50 times with pH 7.4 
buffer (in low concentration specimen) 

5) Sample Value: 5 /*L 

6) Reagent Value: 1— reagent 150 jxL; 2— reagent 
50 /zL 

7) Standard Point: 7 points (0, 7.8, 15.6, 
31.3, 62.5, 125, 250 IU/mL) 

8) Standard Curve: Spline. 

Table E is a truth table showing the correlation 
of the strip assay of this Example and the immunologi- 
cal liquid assay reference. Overall, the correlation 
between the two methods -is good as shown by comparing 
the agreement at the 0, 100 and 200 strip results with 

immunoassay results at <50, 50-150 and >150 IU/mL in 
Table E. The decode ranges and equations used to ob- 
tain the values for 0, 100 and 200 where a decode of 

>275 is a "0", 200-275 is a "100" and a decode of <200 
is a strip result of "200". Positive and negative 
agreements were 66.7 and 88.5% for the immunological 
method at a threshold of 50 IU/mL and within the rea- 
sonable range for a strip test. Normal individuals 
were found to have <50 IU/mL in the 99% of the cases. 
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Table E 

Truth Table for TI Immunoassay Reference 

vs . 

TI Strip Result 

Strip TI Immunoassay TI Total 
Result (U/mL) Result (U/mL) , 

<50 50-150 >150 



0 639 (89.5%) 66 (36.4%) 705 

m 100 74 (10.4%) 108 (39.7%) 2 (11.8%) 184 

^ 15 200 1 (0.1%) 7 (3.9%) 15 (88.2%) 23 

iff 

Total 714 (78.2%) 181 (19.9%) 17 (1.9%) 912 

4- 

m Of the clinical urine samples, 898 were addition- 

20 ally assessed using a creatinine strip as described in 
.7" U.S. Patent 5,733,787 and the quantative Jaffe creat- 

O ine assay on the Cobas-Fara analyzer. A truth table 

7] showing the correlation of the ratio of the strip as- 

say of Example IV ratioed to the creatinine strip com- 
25 pared to the immunological liquid trypsin inhibitor 
assay ratioed to the creatinine reference method is 
shown in Table G. The creatinine reference method was 
the commercially available assay for the COBAS-FARA 
instrument from Roche Diagnostics. Overall, the cor- 
30 relation between the two methods was good as deter- 
mined by comparing strip results with immunoassay re- 
sults at three levels, i.e. <50 IU/g, 50-150 IU/g and 
>150 IU/g representing clinically normal, abnormal and 
high abnormal specimens. A decode ratio result is ob- 
3 5 tained by dividing the TI reagent decode by the creat- 
ine reagent decode. The creatinine decode is the re- 
flectance at the red wavelength/reflectance at the 
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green. The decode ratio result of >85 is a strip re- 
sult of "0", 84.9 to 50 is a strip result of "100" and 
<50 is a strip result of "200". Agreement of positive 
and negative results with the immunoassay at a thresh- 
5 old of <50 IU/g were 85.2% and 86.4% which is within 
the reasonable range for a strip test . 



10 



Truth Table for TI/CRE by + Jaffe Methods Immunoassay 

vs 

TI/CRE Ratio by Strip 



TI Strip/ 
CRE Strip 
( IU/gm) 



TI Immunoassay/ CRE by Jaffe (IU/gm) 



15 



<50 



50 - 



150 



>150 



20 



0 

100 
200 



729 (86.4%) 8 (16.3%) 
111 (13.4%) 40 (81.6%) 
2 (0.3%) 1 (2.1%) 



1 (20%) 
4 (80%) 



737 



154 



7 



Total 



844 (94.0%) 49 (5.5%) 



5 (0.5%) 



898 



MSE #2610 



